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Abstract 
 
A conveyor which transports fertilizer between buildings of a factory is simulated with computational fluid dynamics. Because of 
the hygroscopicity of the fertilizer it is necessary to avoid high relative humidity levels of the air surrounding; therefore the space 
is tempered with mechanical ventilation. Three principally similar but geometrically different ventilation systems were studied and 
compared. It was concluded, that even though the ventilation principle is almost the same, the amount of air necessary to keep 
relative humidity under the critical value is different. With a well-chosen geometrical setup the supply flow rates can be decreased 
to reach an improved energy efficiency level. 
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1. Introduction 
 
Transportation by conveyors is present in many industrial applications. During this process the transported products 
have to keep their quality and therefore in some cases the environmental parameters, like the temperature or humidity 
of the surrounding air have to be kept between strict limits. This task can only be accomplished by well-designed 
environmental systems. In this paper three geometrical designs of a conveyor tempering ventilation system are 
assessed by their energy consumption. The task of such systems is to maintain a desired air temperature and in some 
 
 
 
 
 
* Corresponding author. Tel.: +36/1 463-2526. 
E-mail address: czetany@epgep.bme.hu 
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
 László Czétány and Péter Láng /  Energy Procedia  78 ( 2015 )  2694 – 2699 2695
 
cases to dry the conveyor belt if condensation of vapour occurs. The three scenarios can be seen in Fig. 1. The main 
difference between them is the way of arrangement of the air terminal devices. In Design I the airduct is under the 
conveyor and grilles are installed into the wall of it. In Design III the airduct is next to the conveyor and the air is 
blown sideward to the conveyor. In Design II nozzle like perforations are in the duct wall and the air is blown directly 
to the conveyor belt from under. The investigation method is three dimensional CFD simulations. The utilized CFD 
code was ANSYS Fluent 12.1. 
 
 
Fig. 1. (I) the duct is located under the conveyor belt, air is supplied on the sides; (II) the duct is located under the conveyor belt; 
air is supplied on the top; (III) the duct is located next to the conveyor. 
 
1.1. Literature review 
 
The different airflow distribution systems have different advantages. Different applications require different system 
design and compromises have to be made. The evaluation criteria have to be selected appropriately for the application. 
Cao et al. [1] have studied extensively the papers published on different air distribution methods and summarized the 
assessment indexes of ventilation systems. With a suitable assessment index the performance of the ventilation system 
can be quantified. The assessment of the air distribution systems is possible experimentally or computationally by 
CFD. Krajčík et al. [2] have investigated the impact of the position of supply and extract openings experimentally on 
the room air distribution in case of air heating and found the ventilation effectiveness to vary between 0.4 and 1.2. 
They evaluated the thermal environment with the usage of the temperature efficiency. Tomasi et al. [3] performed 
similar investigation with low ventilation rates and expanded the investigations to the cooling case. Pu et al. [4] studied 
the uniformity of humidity inside a building chamber. They measured the relative humidity distribution and conducted 
CFD calculations with the standard k-epsilon model. They found that the relative humidity distribution depends on 
the inlet position. They also concluded that the CFD results agree well with the measurement results, which means a 
smaller difference than teen percent. 
The above papers emphasised the impact of the buoyancy forces on the air flow pattern indoors. Therefore it is 
important to choose a suitable turbulence model which is capable to realistically simulate the buoyance effects. 
Bangalee et al. [5] have used the SST k-omega model to simulate a buoyancy driven ventilation system with the 
Boussinesq approximation to model buoyancy effects. They compared different turbulence models with experimental 
results, and concluded that the model applied was the best. CFD calculations were performed by Tanasič et al. [6] on 
a cardboard mill hall, where the waste heat utilization was maximized. They used the standard k-epsilon model and 
the Boussinesq approximation for accelerating convergence. The location of inlet and outlet openings was found to 
be important. Xue et al. [7] conducted optimization with genetic algorithm to optimize the flow in confined a space. 
CFD calculations were performed with the k-epsilon model. Nguyen and Reiter [8] simulated wind driven natural 
ventilation with different ceiling configurations. They used the RNG k-epsilon model, as it gives better predictions 
for indoor flow cases than the standard one. For the selection of the turbulence model, they conducted a limited 
literature survey. The comparison to the measured data confirmed the reliability of the turbulence model. Böhner et 
al. [9] simulated the flow field in a spice dryer. For this case the realizable k-epsilon model was applied and good 
agreement was found between the calculated and measured results. 
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2. Model description 
 
2.1. Assumptions 
 
The complicated geometry of the conveyor cannot be precisely modelled since a too dense mesh would be needed 
in order to resolve all the geometrical features so only the most important parts are modelled: the belt, the main 
structural beam and the ventilation duct. 
A conveyor can be very long, but in this case only a shorter section is studied, this results in the advantage of a 
smaller grid. Usually the conveyor is tilted but in this case a horizontal one is modelled. Besides these geometrical 
simplifications others were made. It is assumed, that no vapour escapes from the fertilizer, so the only changes in 
relative humidity are related to the temperature and the humidity content of the outdoor air entering the conveyor 
bridge through cracks in the building structure and through the entrances. This means that the relative humidity can 
be calculated if the vapour pressure of the water is known, which is calculated with the Antoine equation; the partial 
pressure of the water vapour in the air is calculated from the moisture content of the outdoor air. 
The boundary conditions are simplified at the air inlets. In each case, constant velocity was used. However, using 
actual velocity profiles of air terminal devices instead of constant velocity can cause deviation in the results. At the 
inlets the hydraulic diameter and medium (5%) turbulence intensity was defined. The backflow turbulence intensity 
at the outlet was assumed to be 0.5%. The heating system has to keep the temperature even in the case when no 
fertilizer is transported. This is important at the start of the transportation process otherwise the fertilizer will meet 
with air of high relative humidity. As the fertilizer is warmer than the surroundings, it will raise the temperatures; 
because of this reason heat transfer from the fertilizer to the room air is not taken into account. The heat transfer 
between the main structural beam and the air duct was also assumed to be negligible, which is a good assumption if 
the duct is insulated. 
 
2.2. Input data of simulation 
 
Parameters of the external air were: -15 °C, water content: 1.06 g/kg dry air. These are the usual design parameters 
in Hungarian winter conditions. It is assumed, that ammonium nitrate will be transported with the belt. The outdoor 
air is heated up and supplied at 30 °C through the ventilation system. Some air from the neighbouring rooms enters 
through the end of the conveyor bridge due to the buoyancy effects, but it is assumed that air temperatures in these 
rooms are high enough to keep the relative humidity of the air above the critical value. This means, that the backflow 
temperature at the outlet is set to -9.5 °C, where a water content of 1.06 g/kg results in 57.9 % relative humidity, which 
is below the critical point 59 % for the ammonium nitrate. Otherwise the cold air will enter at the end of the bridge 
and it is impossible to maintain the desired conditions. The external heat transfer coefficient was 24 W/m2K and the 
resistance of the external walls of the conveyor bridge is neglected considering the usually used aluminium panels. 
 
2.3. Geometrical data 
 
A sketch of the three geometries used in the simulations can be seen in Fig. 2. The air inlet positions for the different 
designs are shown with blue; the red numbers are the design numbers. The duct locations are shown with green double 
dot line. The other parts of the geometry are similar in each case. The size of the horizontal conveyor bridge is 3x3x36 
m3. The thickness of the transported material is less than 0.5 m; the control volume in which the relative humidity is 
monitored is shown with orange dashed line. 
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Fig. 2. The geometries used in the simulations. 
 
The impact of the rollers and other small parts of the conveyor on the flow are assumed to be negligible. The 
distance between the inlets is 3000 mm. In Design II the inlet size is 50x50 mm2. In Designs I and III grille like inlets 
are defined with lower velocity and of 200x100 mm2 sides. In Design II and III 6 inlets, whereas in Design I 12 inlets 
are used. In Design I and II the middle plane of the conveyor bridge is defined as a symmetry plane to reduce the 
domain size. At 18 meters another symmetry plane is defined for each simulation in order to reduce the domain. 
 
2.4. Mesh 
 
The mesh is constructed with the sweep method, which made it possible to build it from hexahedrons. No grid 
dependence investigations are conducted, but the recommendations on the cell number of Nielsen [10] are over 
fulfilled. The recommended number was 310000 for Design III, where the biggest domain is used. The numbers of 
cells used are: Design I: 485208 Design II: 453768 Design III: 737598. The mesh is denser around the inlets. At the 
walls the wall function approach is used, with scalable wall functions. In every case the skewness of the cells is under 
0.85, and the average skewness is 0.185 in Design I, 0.167 in Design II, 0.137 in Design III. with standard deviation 
0.164, 0.153 and 0.138 respectively, which means a good quality. 
 
2.5. Setup 
 
The calculations were performed with the RNG k-epsilon model. For pressure and velocity coupling the SIMPLE 
scheme was used. The Boussinesq approximation was not applicable due to the greater temperature differences, so 
the air was defined as an incompressible ideal gas. The end of the conveyor bridge was defined as a pressure outlet. 
The inlets were defined as velocity inlets. For the final calculations the 2nd order upwind scheme was used. The 
gradients were calculated with the Green-Gauss Node based method and the pressure discretization scheme was the 
PRESTO!, which were kept unchanged in each setup. 
 
2.6. Calculation method 
 
The maximum of the relative humidity is monitored in the control volume and the supply velocity is changed in 
steps to find the minimum value at which the criterion for the humidity was just accomplished. The calculation because 
of the convergence difficulties consists of the steps listed in Table 1. Each case was initialized with the hybrid 
initialization method. At the beginning of the calculations the default under relaxation factor were used. During the 
calculation the residuals where monitored with the integral of the temperature on the middle plane, the integral of the 
turbulent dissipation rate in the total volume, the volume average of the temperature of the conveyor belt and the 
maximum of the relative humidity in the control volume. A steady state calculation was performed and a transient 
calculation was started with the results as initial values. The sampling of time statistics started at the 8th setup. As the 
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time step was 0.5 sec (with 10 iterations/per time step), data through 500 sec was sampled and averaged. The output 
parameter of the simulation was the maximal relative humidity calculated with the time averaged static temperature. 
 
Table 1. Calculation strategy. 
 
  No. of setup 
 
Equations solved 
 
Discretization schemes 
Changes of the 
under relaxation factors 
 
Material properties 
No. of iterations/ 
time steps 
S 
t e
 
a
 
d 
y 
1. Flow 1st  order upwind 
- 
density=1.225 kg/m3 30 
2. 
Flow 
Turbulence 
1st  order upwind density=1.225 kg/m3 290 
3. 
Flow 
Turbulence 
2nd order upwind density=1.225 kg/m3 200 
4. Energy 2nd order upwind density=1.225 kg/m3 50 
5. Flow 
Turbulence 
Energy 
 
2nd order upwind 
 
 
 
 
incompressible 
ideal gas 
200 
6. Momentum - 0.35 300 
T 
r a
 
n
 
s 
i e
 n
 t 
 
7. 
 
Flow 
Turbulence 
Energy 
 
2nd order upwind Momentum - 0.7 
 
100 
 
8. 
 
2nd order upwind Momentum - 0.5 
 
1000 
 
3. Results 
 
For each design the minimum air flow rate is determined (Fig. 3). The minimal air flow rates are 251, 173 and 194 
m3/h for Designs I, II, III respectively. The maximum value of the relative humidity is a function of the air flow rate, 
but the resulting curve is not smooth. The reason for that can be the short averaging time, the impact of the 
discretization or turbulence modelling errors. However, a clear trend can be observed in each case. The best design is 
Design II as the lowest airflow rate hence the lowest energy need was found for this design. 
 
 
Fig. 3. Maximum of the time averaged relative humidity in the control 
volume as a function of the airflow rate through all inlets. 
 
The results are presented for all designs at the minimal airflow rate in Figs. 4-5. Fig. 4 shows that the relative 
humidity remains under 59% for all designs, although the distributions are different. In Fig. 5 isosurfaces of the time 
averaged temperature are shown, coloured by the time averaged temperature. For Design I the air jet reaches directly 
the external wall, where it increases the internal convective heat transfer coefficient. The area weighted average values 
are: 2.27 (I), 1.53 (II) and 1.12 (III) W/m2/K. Each of them is much smaller than the standardised 8 W/m2/K. For 
Design I at the minimal flow rate the jet is curved by the buoyancy forces and protects the conveyor from the cold air. 
Similar phenomenon can be observed for Design II. For Design III this effect is less significant. 
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Fig. 4: Contours of relative humidity [%] calculated from the time averaged temperature. 
 
 
 
Fig. 5: Isosurfaces (created with temperature values) by the time averaged temperature [°C]. 
 
4. Summary 
 
A conveyor bridge tempered by ventilation was simulated with CFD. The transient simulations were performed 
with the RNG k-epsilon model. Three ventilation system designs were investigated. The best design was chosen on 
the basis of the air flow rate needed for maintaining relative humidity around the transported hygroscopic material 
under its critical value. The minimal flow rate was determined for each design and it was concluded, that the best 
design is Design II. As the thermal resistances of the building materials usually applied are low, a few percent 
reduction in the usually high supply flow rates will result in considerable energy saving. 
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